The key question that remains unaddressed is why encode both the protein and lncRNA from within the same gene. Although the answer to this question is still unknown, there are several potential regulatory advantages that such a system might enable. Specifically, a lncRNA encoded from within a protein-coding gene may have an intrinsic regulatory advantage for controlling the function of the protein encoded from that same gene because lncRNAs have the unique capability of acting in close spatial proximity to their transcription loci (Engreitz et al., 2016) . By being encoded from the same DNA as the protein, a lncRNA may be able to localize preferentially to its chromatin to activate or repress transcription or may act to generate a high local concentration to compete with protein binding at that locus.
These findings now add an extra layer of complexity to the study of lncRNAs. Instead of genes neatly falling into protein coding or non-coding categories, this report argues that we need to think carefully about whether a function ascribed to a gene may be mediated by a protein or RNA, regardless of the apparent coding potential of the gene. This study also raises the important questions of how pervasive such genes with dual functionality may be, what mechanisms such genes may contribute in genome regulation, and what regulatory and/or evolutionary advantage is provided by encoding two distinct molecules within the same transcriptional unit.
Three recent studies find that the single-pass transmembrane protein HAP2 mediates gamete fusion and is remarkably similar to class II fusion proteins found in viruses such as dengue and Zika.
Biological membranes are inherently stable structures that segregate the cytoplasm from the extracellular environment and, in eukaryotes, organize content into membrane-delimited organelles. To share content, membranes must undergo carefully regulated membrane fusion events that are invariably mediated by highly specialized fusion proteins. Vesicular transport, placental syncytiotrophoblast formation, and gamete fusion are examples in which opposing cellular membranes must fuse with specificity and efficiency, overcoming the barriers that normally prevent lipid mixing and fusion pore formation. Mechanistically, much of what we know about how proteins elicit membrane fusion comes from the study of proteins that mediate entry of membrane-enveloped viruses into cells. Despite the large number and diversity of viruses, all viral fusion proteins identified to date fall into just three different structural classes, with some having clear parallels to cellular membrane fusion proteins. For example, placental cytotrophoblasts utilize a class I fusion protein derived from an endogenous retrovirus to form syncytiotrophoblasts (Mi et al., 2000) , and SNARE proteins bear general similarities to class I viral fusion proteins as well (likely an example of convergent evolution), forming a bundle of alpha helices that bring opposing membranes into close proximity (Sü dhof and Rothman, 2009) . Left unanswered, however, is how male and female gametes fuse with each other-a rather important event! Recent studies from the Clark, Grishin, Podbilewicz, Rey, and Snell laboratories (Fé dry et al., 2017 [this issue of Cell]; Pinello et al., 2017; Valansi et al., 2017), using different techniques and model organisms, reach the same conclusion: the single-pass transmembrane protein HAP2 mediates gamete fusion in a number of unicellular eukaryotes and flowering plants and is the spitting image-structurally speaking-of the class II fusion proteins found in viruses such as dengue, Zika, yellow fever, and West Nile.
HAP2 has been implicated for some time as playing a key role in fertilization in a number of unicellular eukaryotes and plants-more specifically at a post-binding step between gametes. It is certainly in the right place at the right time, being localized to regions of the plasma membrane where fusion occurs and being restricted to male gametes in sexually dimorphic species (Wong and Johnson, 2010) . In addition, genetic ablation of HAP2 or gross mutagenesis of the HAP2 ectodomain abrogates fertilization, though not gamete binding, entirely consistent with HAP2 being a membrane fusion protein (Liu et al., 2008) . However, direct evidence that HAP2 actually elicits membrane fusion is lacking, and it is fair to ask whether HAP2 is the actual gamete fusion protein or a molecule that might trigger conformational changes in a second, asyet-unidentified protein that is the real membrane fusogen. Indeed, standard sequence comparisons have not revealed obvious homologies between Hap2 and any known membrane fusion protein, arguing that either it does not have a direct role in the process or that it employs a novel mechanism to drive membrane fusion. This proves not be to the case, given that the Grishin, Clark, and Podbilewicz labs (Fé dry et al., 2017; Pinello et al., 2017) , using newer sequence alignment and template-based structural modeling programs, all found a cysteine-rich region in the HAP2 ectodomain with predicted structural homology to a corresponding region in class II viral fusion proteins, though with precious few residues being actually conserved. Interestingly, in viral class II fusion proteins, this conserved domain contains the fusion loop, a stretch of amino acids that form a loop with a disulfide bond at the base, and this motif is present in HAP2 as well. When the fusion protein is triggered to undergo the conformational changes needed to elicit membrane fusion, the fusion loop becomes exposed and inserts into the membrane of the host cell-a critically important step in the fusion reaction (Kielian and Rey, 2006) . This observation led Fé dry et al. (2017) and Pinello et al. (2017) to perform more targeted mutagenesis studies on HAP2 in their respective model organisms (the green alga Chlamydomonas and the ciliate Tetrahymena) and both identified mutations in this region (including the putative fusion loop) that abrogated membrane fusion without obviously affecting protein expression or localization. Furthermore, Pinello et al. found that a synthetic peptide corresponding to the HAP2 fusion loop inserts into artificial membranes and can induce liposome fusion, Valansi et al. showed that Arabidopsis HAP2 can induce mammalian cell-cell fusion, and Fé dry et al. found that a genetically engineered soluble HAP2 ectodomain binds efficiently to liposomes and in so doing forms noncovalently associated trimers-a characteristic also exhibited by class II viral fusion proteins upon association with the target membrane. The final and most visually striking piece of evidence linking HAP2 to membrane fusion activity was provided by the crystal structure of the HAP2 ectodomain which, as it turns out, is a near structural replica of class II viral fusion proteins, with three beta-strand rich domains arranged in the typical hairpin conformation (Fé dry et al., 2017) . This near identical arrangement of secondary, tertiary, and 
HAP2 Is Present in All Major Eukaryotic Taxa
The gamete fusion protein HAP2 is distributed in organisms across kingdoms-from green algae, ciliates, and the malaria organism Plasmodium to hydra, honeybees, rice, and corn-and likely was present in the earliest sexual eukaryote. New studies showing near structural identity of HAP2 and class II virus fusion proteins such as those of dengue and Zika argue that these proteins evolved from a common ancestor, raising the question of which came first: an early eukaryotic HAP2 ancestor that was usurped by viruses to mediate host cell entry or an ancestral viral fusion protein that was acquired by an early eukaryote, making sperm-egg fusion possible? I thank the Fé dry et al. and Pinello et al. authors and their colleagues Mayanka Awasthi and Jun Zhang for suggestions regarding the figure. quaternary structural elements with viral class II proteins is most readily explained by these proteins having a common ancestor -it is difficult to imagine how convergent evolution could result in such a close structural match between this gamete fusion protein and class II fusion proteins in viruses.
Answering one question-in this case, whether Hap2 is a membrane fusion protein-invariably raises others. Membrane fusion proteins exist in metastable conformations that must be triggered to undergo conformational changes that result in membrane fusion with the change in free energy associated with progression to a more stable, lower energy conformation being the motive force that drives membrane fusion. For viruses, a variety of triggers have been identified, including binding of the fusion protein to cell surface receptors and, for viruses that are endocytosed prior to membrane fusion, the low pH environment of intracellular organelles (Marsh and Helenius, 2006) . What triggers this eukaryotic class II fusion protein to undergo the structural changes needed for gamete fusion and what is its pre-fusion structure? Are there HAP2 analogs in higher eukaryotic organisms that also mediate gamete fusion? Fé dry et al. also found that an antibody raised to the fusion loop could inhibit gamete fusion. Given that HAP2 is expressed by a number of important human pathogens, including Plasmodium species (the cause of malaria), might this protein or its binding partners be potential antimicrobial targets? In fact, earlier work has shown that immunization with HAP2 induces malariablocking immunity, consistent with this notion (Blagborough and Sinden, 2009) .
Perhaps the most interesting question of all is an evolutionary one-did eukaryotes capture HAP2 from a viral gene or did some viruses acquire their fusion protein from a eukaryotic cell HAP2 progenitor? The later point of view is supported by the fact that HAP2 is present in all major eukaryotic taxa save for fungi but including protozoa, plants, and amoebae ( Figure 1 ). Its distribution is consistent with it being present in the last common ancestor of all eukaryotes. Thus, HAP2 could well be an ancient gamete fusion protein that not only made the most common mechanism of zygote formation (membrane fusion) possible but that was re-purposed by an early eukaryotic virus for host cell entry. Alternatively, viruses are also ancient, and so it is possible that HAP2 originated with a virus and its corresponding gene acquired by a eukaryotic organism early in evolution. If so, then gamete fertilization resulting from membrane fusion was actually made possible by a virus, accelerating evolution by enhancing genetic diversity and ultimately placing us in a position to ponder which came first-the virus or the egg?
